Cholesterol absorption, fecal elimination, and synthesis and low density lipoprotein (LDL) metabolism were measured in 29 middle-aged men while on their normal diet and a diet low in fat and cholesterol, and the obtained values were related to apoprotein (apo) E phenotypes. Basal cholesterol absorption efficiency was positively related to production rate (PR) for LDL apo B and negatively to cholesterol synthesis (measured by fecal steroids and dietary cholesterol), which in turn was negatively associated with the LDL level and positively with the fractional removal (FCR) of LDL apo B. The apo E subscript (e.g., E2/2=l, E2/3=2, etc.) was positively associated with cholesterol absorption and the LDL apo B and cholesterol levels and negatively with cholesterol synthesis and FCR for LDL apo B. Effective bile acid and cholesterol syntheses, fecal elimination of cholesterol, removal of LDL apo B, and low cholesterol absorption characterized men with the e2 allele. Reduction of dietary fat and cholesterol intakes lowered LDL cholesterol levels and cholesterol absorption but increased cholesterol synthesis proportionally to the apo E subscript; the FCR and PR for LDL apo B were significantly increased and decreased, respectively. The decrease in absorption was related to enhanced removal of LDL apo B and synthesis of cholesterol. During the modified diet, cholesterol metabolism was poorly related to LDL, apo E phenotypes, and LDL apo B kinetics. A positive correlation of cholesterol absorption with dietary fat intake in combined studies suggests that a dietary fat reduction-associated decrease in LDL cholesterol is at least partly caused by reduced cholesterol absorption. The findings suggest that a moderately high LDL cholesterol level, frequently associated with the «4 allele, appears to be associated with high cholesterol absorption and production of LDL apo B, low synthesis of bile acids and cholesterol, and removal of LDL apo B. Subjects with the e4 allele show the greatest changes in their LDL cholesterol concentrations in response to a reduction of dietary fat and cholesterol. ( replacement of the remaining animal fat with plant oils especially monounsaturated oils are widely recommended in the Western world for the reduction of serum lipids in the prevention of coronary heart disease.
Cholesterol absorption, fecal elimination, and synthesis and low density lipoprotein (LDL) metabolism were measured in 29 middle-aged men while on their normal diet and a diet low in fat and cholesterol, and the obtained values were related to apoprotein (apo) E phenotypes. Basal cholesterol absorption efficiency was positively related to production rate (PR) for LDL apo B and negatively to cholesterol synthesis (measured by fecal steroids and dietary cholesterol), which in turn was negatively associated with the LDL level and positively with the fractional removal (FCR) of LDL apo B. The apo E subscript (e.g., E2/2=l, E2/3=2, etc.) was positively associated with cholesterol absorption and the LDL apo B and cholesterol levels and negatively with cholesterol synthesis and FCR for LDL apo B. Effective bile acid and cholesterol syntheses, fecal elimination of cholesterol, removal of LDL apo B, and low cholesterol absorption characterized men with the e2 allele. Reduction of dietary fat and cholesterol intakes lowered LDL cholesterol levels and cholesterol absorption but increased cholesterol synthesis proportionally to the apo E subscript; the FCR and PR for LDL apo B were significantly increased and decreased, respectively. The decrease in absorption was related to enhanced removal of LDL apo B and synthesis of cholesterol. During the modified diet, cholesterol metabolism was poorly related to LDL, apo E phenotypes, and LDL apo B kinetics. A positive correlation of cholesterol absorption with dietary fat intake in combined studies suggests that a dietary fat reduction-associated decrease in LDL cholesterol is at least partly caused by reduced cholesterol absorption. The findings suggest that a moderately high LDL cholesterol level, frequently associated with the «4 allele, appears to be associated with high cholesterol absorption and production of LDL apo B, low synthesis of bile acids and cholesterol, and removal of LDL apo B. Subjects with the e4 allele show the greatest changes in their LDL cholesterol concentrations in response to a reduction of dietary fat and cholesterol. replacement of the remaining animal fat with plant oils especially monounsaturated oils are widely recommended in the Western world for the reduction of serum lipids in the prevention of coronary heart disease. 1 -5 A diet high in fat and cholesterol has been suggested to increase hepatic cholesterol content, inhibit cholesterol synthesis, downregulate hepatic receptors for low density lipoprotein (LDL) apolipoprotein (apo) BJE, and to result accordingly in hypercholesterolemia. 6 This proposal has been poorly studied in humans. Population and dietary studies suggest that a high saturated-fat intake is associated with enhanced LDL production and downregulation of LDL receptor activity. 7 -11 Cholesterol feeding-induced hypercholesterolemia in humans is associated with reduced removal of serum LDL apo B, and the catabolism of LDL apo B also appears to be reduced in circulating leukocytes.
-
14 Cholesterol synthesis, on the other hand, is usually reduced by cholesterol feeding.
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Opposite results can be expected to be found in lipoprotein and cholesterol metabolism due to a reduced fat and cholesterol intake. Correlation studies in randomly selected healthy men ingesting a normal diet suggest that a reduction of dietary cholesterol intake reduces cholesterol absorption, stimulates cholesterol synthesis, activates LDL removal, and lowers serum cholesterol level, especially in subjects with an initially high serum cholesterol level. 24 -27 Apo E phenotype regulates serum cholesterol level 28 ' 29 so that subjects with the apo e4 allele have higher cholesterol concentrations than do those who are homozygous for the apo e3 or especially apo el alleles. On the other hand, subjects with the latter alleles appear to have a lower cholesterol absorption, higher cholesterol synthesis, and higher LDL apo B receptor activity than do those who In addition, dietary fat and cholesterol reduction appears to lower serum total and LDL cholesterol levels more effectively in subjects with the apo e4 allele than other alleles.
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- 33 Despite the current general change to consume a diet low in animal fat and cholesterol, the actual mechanisms of the resulting cholesterol lowering have not been studied in terms of the absorption, fecal elimination, and synthesis of cholesterol. Also, their relations to changes in serum LDL cholesterol and apo B levels and the kinetics of LDL apo B, especially in subjects with varying apo E phenotypes, have not been studied. To this end the present prospective study was designed to investigate changes in cholesterol and LDL metabolism during a switch from a normal diet to a diet low in fat and cholesterol in normal male subjects and to relate the findings to different apo E phenotypes. The relation to apo E phenotype was especially interesting because the prevalence of the c4 allele is high and that of the e2 allele is low in the Finnish population. 
Methods
The study population included 29 healthy male subjects, aged 55 ±2 years (mean±SD), with different apo E phenotypes. They were volunteers from a randomly selected male population of about 350 subjects to which group had been added subjects with the e4 allele and occasionally discovered individuals with the e2 allele but with no type III dyslipoproteinemia. The enrollment of additional e4 and el subjects was performed to make these groups large enough for statistical treatment. The study population included eight individuals with the apo el allele (two with apo E2/2, five with apo E2/3, and one with apo E2/4; the apo E2 group), nine with the apo E3/3 phenotype (the apo E3 group), and 12 with the apo e4 allele (10 with apo E3/4 and two with apo E4/4; the apo E4 group). The subjects had not received any previous dietary instruction, and they were studied during two different periods, the first under their normal dietary habits at home and the second as a 5-week period of reduced dietary fat and cholesterol intake aiming at the American Heart Association type 2 diet For this purpose all the participants received written instructions and oral advice from the dietitian on a weekly basis. During the last week of each study period the men carefully recorded their dietary intakes according to instructions given by our dietitian. The dietary records were computerized according to a special program, 35 and the resulting dietary intakes are recorded in Table 1 Fractional absorption for cholesterol was measured as the change in the ratio of the two isotopes. 37 Fecal steroids, bile acids, and neutral sterols were quantified by gasliquid chromatography on a capillary column. 38 LDL turnover studies were performed in 13 subjects (five, three, and five men in the apo E2, E3, and E4 groups, respectively) during the basal (normal diet) period and in all participants during the low-fat, lowcholesterol diet. For this purpose LDL was isolated, the d= 1.019-1.063 g/ml fraction was labeled with 131 I, 39 and the kinetics were measured as presented elsewhere. 40 Radioactivity, radioactive decay, apo B pool size, and apo B concentration measurements 41 allowed us to calculate the fractional catabolic rate (FCR) and production rate (PR) for LDL apo B. Cholesterol transport in LDL was calculated by multiplying the LDL cholesterol to LDL apo B ratio by the PR for LDL apo B. The study protocol was accepted by the Ethics Committee.
Fasting serum samples from ah" subjects were obtained for lipid and lipoprotein measurements three times each at the end of the two periods. Total cholesterol and triglyceride levels were measured with our hospital methods, 42 - 43 and lipoproteins were separated by ultracentrifugation as presented in the Lipid Research Clinics method for laboratory programs. 44 Apo B of very low density lipoprotein (VLDL), intermediate density lipoprotein (IDL), and LDL and apo A-I levels were quantified with the use of commercial kits (Orion Diagnostica, Helsinki, Finland). LDL apo B and cholesterol were quantified during the kinetic study from corresponding LDL samples as described elsewhere for apo B.
41 Apo E phenotyping was performed on serum samples by immunoelectrophoresis and electric focusing. 34 Statistical analysis was performed with Student's t test, paired t test, and Pearson's correlation coefficients. The association of the apo E phenotypes with different variables or the changes in these variables was also tested by correlating the variables with the subscripts of the apo E phenotypes (termed the "apo E subscript" in the text so that E2/2=l, E2/3=2, E2/4=3, E3/3=4, E3/4=5, and E4/4=6) according to Pearson's correlation coefficient because the use of Spearman rank correlation gave virtually similar results. Table 1 shows that the body weight of the subjects in each subgroup tended to fall during the recommended low-fat, low-cholesterol diet so that in the whole study population body weight reduction was statistically significant. Dietary fat was markedly reduced from 38% to 24% of total calories as was the cholesterol intake, from almost 574 mg/day to 208 mg/day during the recommended diet. Dietary intake of carbohydrate was correspondingly increased while that of protein was unchanged. The reduction in fat intake was mainly of animal origin so that the change in the poh/unsaturated to saturated fat value of the remaining dietary fat was increased two to three times. Variables and their changes recorded in Table 1 were similar in all apo E subgroups so that no association was observed with the apo E subscript.
Results

Dietary Changes
Serum Lipoproteins
Serum cholesterol, triglyceride, and apoprotein levels are shown in Table 2 . Baseline serum total and LDL cholesterol and LDL apo B levels were lowest in the apo E2 group but higher and similar in the apo E3 and E4 groups; all three variables were significantly related to the apo E subscript (Table 3 ). Other basal lipid or apoprotein levels were not related to the apo E phenotypes.
The reduction of dietary cholesterol and fat intake significantly lowered the serum levels of total and LDL cholesterol, apo B, high density lipoprotein (HDL) cholesterol, and apo A-I; the mean reductions in the whole study population were 15%, 18%, 18%, 8%, and 11%, respectively. Different variables of VLDL, IDL, total, and LDL triglycerides and VLDL, IDL, and LDL compositions were not changed ( Table 2) . A significant change in the apo A-I to triglyceride ratio suggested that HDL became rich in triglycerides. The absolute reduction in the LDL cholesterol level was highest (-0.71 mmol/1, -20%) in the E4 group and lowest (0.38 mmol/1,16%) in the E2 group. The apo E subscript was significantly related to the final level and to the change (r=0.406, p<0.05) in LDL cholesterol level caused by the low-fat, low-cholesterol diet. The changes in LDL cholesterol and apo B levels were also significantly related to their initial levels (rvalues of 0.649 and 0.689, respectively; /><0.01).
The serum level of HDL cholesterol was significantly reduced in the E4 group only while that of A-I was decreased in all subgroups. No correlation was seen between the initial levels and changes in HDL level. Tables 4 and 5 show the kinetic data for LDL apo B. The lower basal LDL apo B concentration in the apo E2 group than in the apo E3 or apo E4 group was most likely contributed by a higher FCR and a relatively low PR for LDL apo B in the E2 than other groups. The LDL cholesterol and apo B levels and the apo E subscripts were in fact significantly negatively correlated with FCR but not with PR for LDL apo B (Table 3 and Figure 1 ). LDL cholesterol transport was positively related to the apo E subscript (r=0.575, p< 0.05), suggesting that despite low fractional LDL apo B removal, apo E4 subjects removed the highest absolute amounts of LDL cholesterol from the plasma pool.
LDL Apo B Kinetics
The reduction of dietary fat and cholesterol significantly increased the FCR for LDL apo B and decreased the PR for LDL apo B in the whole population. Thus, enhanced receptor activity for LDL apo B apparendy enhanced the removal and reduced the syntiiesis of LDL apo B, resulting in a reduced LDL cholesterol level during the diet change. The transport of LDL cholesterol was decreased. The changes in PR and FCR for LDL apo B were unrelated to that of the LDL cholesterol level or apo E subscript On the other hand, the LDL cholesterol level and the apo E subscript were positively related to PR (apo E was insignificant) and negatively to FCR for LDL apo B during the altered diet (Table 3) .
Cholesterol Elimination and Synthesis
Fecal steroid analysis (Table 6) indicated that under basal conditions, bile acid synthesis was highest in the apo E2 group and fecal cholesterol elimination tended to be less effective in the E3 and E4 subgroups. In fact, cholesterol synthesis was also significantly higher in the E2 than the E3 and E4 groups so that the synthesis of both bile acids and cholesterol was negatively correlated with the apo E subscript and the LDL cholesterol level (Table 3) . Also, the higher the cholesterol synthesis, the higher the FCR and the lower the PR for LDL apo B.
The modified diet had no consistent effect on fecal bile acids, reduced fecal neutral sterols, and increased cholesterol synthesis in the whole population (35% change). The stimulation of cholesterol synthesis was significant only in the E3 and E4 groups but not in the E2 group. Thus, in contrast to the basal condition, during the modified diet cholesterol synthesis was unrelated to the apo E subscript, LDL cholesterol level, and the FCR and PR for LDL apo B. However, the change in cholesterol synthesis was significantly correlated with the apo E subscript (r=0.368, p<0.05) and the changes in LDL cholesterol (r-0.396, p<0.05) and FCR (r=0.573, p<0.05) but not PR for LDL apo B (data not shown). 
Cholesterol Absorption
Cholesterol absorption data are given in Table 6 . The baseline cholesterol absorption efficiency was unrelated to dietary fat or cholesterol; tended to be related to LDL cholesterol or FCR for LDL apo B; and was significantly correlated with absorbed dietary choles- terol, cholesterol synthesis, PR for LDL apo B, and the apo E subscript (Table 3) . Accordingly, the efficiency of cholesterol absorption was lowest in the apo E2 group, significantly higher in the apo E3 group, and remarkably higher in the apo E4 group. Correspondingly, the amount of absorbed dietary cholesterol increased gradually from the apo E2 to the apo E3 and apo E4 groups and was negatively related to cholesterol synthesis, but the correlation with the apo E subscript was not quite statistically significant (r=0.365, /?=0.06).
The reduction of dietary fat and cholesterol markedly reduced the relative and especially the absolute absorption of dietary cholesterol in the whole population. The decrease in absorption efficiency of cholesterol was significant only in the apo E3 and E4 groups and was related to the apo E subscript (r=0.372,/><0.05). The decrease in the absolute absorption of dietary cholesterol was significant in all groups due partly to a reduced cholesterol intake. The change in relative absorption was surprisingly related positively to that of FCR (r=(L566,/?<0.05) while the change in the absolute absorption was related to that in cholesterol synthesis (r=-0-597,/?<0.05).
During the modified diet the absorption efficiency was still associated with absorbed dietary cholesterol and cholesterol synthesis (Table 3) .
Correlations in Combined Studies
Although the LDL cholesterol and apo B levels were dependent on both the removal and synthesis of LDL For "before" data, n=5 for apo E2, n=3 for apo E3, and n=5 for apo E4.
•Change p<0.05. •Change p<0.05.
apo B and apo E phenotypes during the low-fat, lowcholesterol diet, these variables were not associated with variations of cholesterol metabolism ( 
Discussion
Basal Diet
The basal diet of the present study population was high in fat and cholesterol. Thus, according to current 
FIGURE 1. Scatterplots showing correlation of apolipoprotein (apo) E subscript and low density lipoprotein (LDL) apo B concentration with the fractional removal (FCR) of LDL apo B and cholesterol synthesis during a normal diet.
opinion, the LDL cholesterol levels should have been high and the LDL apo B receptor activities low. 6 In fact, the LDL cholesterol levels were relatively low in the apo E2 group but were high and similar in the E3 and E4 groups. The linear correlation with the apo E subscript indicates, however, gradual increases of LDL apo B or cholesterol levels in subjects with the E2/2 phenotype compared with those with the E4/4 phenotype. Also, the LDL apo B receptor activity, as measured by the FCR for LDL apo B, decreased proportionately with LDL apo B and cholesterol levels and the apo E subscript. Thus, according to the regression line, the FCR was high (0.486) for the E2/2 phenotype and low (0.208) for the E4/4 phenotype.
A question then arises about the reasons for the negative relations between LDL cholesterol level or apo E subscript and the FCR for LDL apo B. Effective cholesterol absorption efficiency 26^27 associated with rapid removal of chylomicron remnant particles 45 " 49 by subjects with the apo e4 allele reduces the FCR for LDL apo B. Accordingly, a high cholesterol absorption in E4 subjects was considered to expand the hepatic cholesterol pool with absorbed cholesterol, which would then suppress cholesterol synthesis and receptor activity for LDL apo B and result in a high serum cholesterol level. The situation was considered to be the opposite in apo E2 subjects with low cholesterol absorption, high cholesterol synthesis and receptor activity, and low cholesterol level. The apo E3 subjects exhibited characteristics intermediate to those of the apo E2 and E4 subjects.
In the present study population with a higher frequency of the el and c4 alleles than is normally found in the Finnish male population, 34 these observations have been confirmed in different phenotypes of apo E for several aspects of cholesterol and LDL metabolism. Thus, cholesterol absorption efficiency, which regulates the return of dietary and biliary cholesterol to the liver, was proportional to the apo E subscript and was apparently one of the primary factors reducing hepatic cholesterol synthesis in proportion to the apo E subscript. The FCR for LDL apo B was negatively associated with the apo E subscript and LDL cholesterol level and positively associated with cholesterol synthesis and fecal bile acids, suggesting a role for bile acid synthesis in the regulation of receptor activity under basal conditions in middle-aged men. For instance, this would generally mean that in apo E2/2 subjects, low cholesterol absorption, probably in association with slow chylomicron and VLDL remnant removal to the liver, might activate cholesterol and bile acid synthesis and receptor activity and contribute to the development of low LDL cholesterol and apo B levels. The situation would be the opposite for the apo E4 phenotypes. A recent article has suggested, however, a higher cholesterol synthesis in subjects with the e4 allele than the el allele.
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It is interesting to note that the LDL transport of cholesterol was lower in the apo E2 than apo E4 subjects. Thus, the effective cholesterol synthesis of the E2 subjects compared with that of the E4 subjects would mainly balance the low cholesterol absorption and effective fecal elimination of cholesterol as bile acids and cholesterol itself. Thus, in contrast to the apo E4 subjects, the need for LDL cholesterol would be less important in the apo E2 subjects.
The Low-Fat, Low-Cholesterol Diet
The serum cholesterol reduction by the diet change calculated from the data in Table 1 was mainly caused by an 18% decrease in calories from saturated fat intake contributed by the 150 mg/1,000 kcal lowering in cholesterol intake. According to the equation by Keys et al, 51 this dietary change should have decreased the serum cholesterol level by about 56 mg/dl. The observed mean reduction was clearly less, namely only 36 mg/dl for unknown reasons.
The subsequent major changes observed in cholesterol and lipoprotein metabolism in response to the dietary alteration were in many respects similar to those expected as deduced by animal experiments. 6 For instance, in hamsters the addition of dietary saturated fatty acids to the diet reduced cholesterol synthesis, suppressed receptor-dependent LDL transport, and increased LDL cholesterol PR. 32 The present findings demonstrate for the first time that in humans, dietary fat and cholesterol reduction causes a marked reduction in cholesterol absorption, subsequently increases cholesterol synthesis and receptor activity for LDL apo B, and reduces PR for LDL apo B and LDL cholesterol transport. A change from the lowfat, low-cholesterol diet back to the diet high in fat and cholesterol would cause opposite changes. It thus seems logical to suggest that reduced cholesterol absorption, apparently modified by altered fat intake, was a primary factor during the diet modification, which decreased hepatocyte cholesterol content of intestinal origin and accordingly activated cholesterol synthesis and receptor activity for LDL apo B. Under these conditions precursor lipoproteins of LDL were apparently effectively removed by upregulated LDL apo B receptor activity so that synthesis of LDL apo B was also decreased. Reduced dietary intake of saturated fat may have directly caused a considerable activation of the receptor activity. The combination of enhanced FCR and reduced PR for LDL apo B would certainly effectively reduce LDL cholesterol levels despite the finding that during the new steady state, LDL cholesterol transport was reduced. Our findings are similar to those of Abbot et al, ' 1 who observed that a reduction of dietary fat decreased LDL cholesterol by reducing VLDL conversion to LDL and increasing, in some subjects, the activity of LDL clearance mechanisms.
What then are the factors and mechanisms that cause within-population variations in the decline of LDL cholesterol levels by a change to a low-fat, low-cholesterol diet? Apo E phenotype was an important regulator of LDL response to dietary cholesterol, 58 The reduction of the major factor, dietary fat and cholesterol intake, was unrelated to the apo E subscript and the initial level or fall of LDL cholesterol level in the present series. Thus, because fat absorption was reduced similarly in different subgroups, the variation of the decline in LDL levels should have been related to altered cholesterol absorption. In fact, cholesterol absorption efficiency and absorbed dietary cholesterol were reduced mainly in the most hypercholesterolemic subjects so that although these reductions were not quite significantly related to LDL cholesterol levels, they were related to the apo E subscript. In addition, the reductions in the relative or absolute absorption of dietary cholesterol were negatively related to the increases in cholesterol synthesis and positively to the changes in FCR for LDL apo B. The latter association suggests unexpectedly that the greater the decrease in the dietary cholesterol flux to the liver, the greater the reduction of apo B receptor activity. In addition, further calculations showed that the decreases in total cholesterol absorption and biliary cholesterol secretion* caused by the low-fat, lowcholesterol diet were also positively related to the changes in FCR for LDL apo B (r=0.657 and 0.765, respectively; /?<0.002). The difference in the changes of total absorp-*Total cholesterol absorption is the fractional absorption multiplied by the intestinal cholesterol pool. The latter is the amount of fecal neutral sterols divided by (1 -fractional absorption); biliary cholesterol secretion is the difference between the intestinal cholesterol pool and dietary cholesterol. tion and biliary secretion, however, was inversely related (r= -0.550,/><0.05) to the change in FCR for LDL apo B, suggesting logically that the greater the depletion of liver cholesterol, the greater the increase of apo B receptor activity. Fecal bile acid output was in fact unchanged, suggesting that biliary bile acid secretion was unchanged, with the depletion of liver cholesterol being balanced by proportional increases in cholesterol synthesis. Because the relative and absolute absorptions of cholesterol were only slightly different in the different apo E subgroups during the low-fat, low-cholesterol diet, it is possible that the dietary reduction of fat per se and hardly that of cholesterol was also associated with reduced cholesterol absorption efficiency, especially in the E4 group and less consistently in the E2 group. For instance, in Tarahumara Indians who ingest 20% of calories from fat, cholesterol absorption was only 28±2% 19 versus 49±2% on a normal diet and 39±3% on the low-fat, low-cholesterol diet in the present population. It was interesting that when the two dietary periods were combined, there was a significant association between dietary fat intake and cholesterol absorption efficiency (r= 0.445,/><0.001). The correlation was separately significant in the apo E4 group (r=0.645, p<0.002). This finding might actually indicate that a high saturated-fat intake could perhaps increase intestinal micellar solubilization and absorption of cholesterol and that a reduction in dietary fat intake could reduce cholesterol absorption efficiency in populations in general, especially in apo E4 subjects. This dietary fatrelated reduction of cholesterol absorption may contribute to the findings that the differences in the serum cholesterol level caused by apo E phenotypes can "disappear" on a low-fat, low-cholesterol diet 32 and that the difference may not be detectable in populations habitually consuming diets low in fat and cholesterol. 29 The findings suggest that the fall in LDL cholesterol level is apparently mediated at least partly by a reduction of cholesterol absorption induced by decreased intake of animal fat. In addition, a reduction of animal fat intake with increased carbohydrate consumption and altered dietary fatty acid composition may considerably contribute, by some other mechanisms, to the LDL cholesterol reduction.
It should be borne in mind, however, that although the increase in FCR and decrease in PR for LDL apo B can explain the decreases of LDL apo B and cholesterol levels, the changes in FCR and PR by dietary fat and cholesterol reduction were not significantly related to those in the LDL apo B and cholesterol levels or the apo E subscripts of the present series. During the low-fat, low-cholesterol diet, the LDL cholesterol level was poorly related to cholesterol absorption and bile acid and cholesterol synthesis, indicating that some other factors contributed to the regulation of serum LDL level. However, in contrast to the normal diet, during this high-carbohydrate diet synthesis of LDL apo B was significantly related to the LDL level because VLDL remnant metabolism, as suggested by Abbot et al, 11 had become more importantly related to the LDL level than during the high-fat diet. Overall, however, the combined high and low dietary fat studies (Table 7) suggest that a high LDL cholesterol level related to the e4 allele appears to be associated with a high cholesterol absorption efficiency, high synthesis of LDL apo B, low bile acid and cholesterol synthesis, and low fractional removal of LDL apo B.
